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Romania is one of the great maize cultivating countries in Europe. The yearly maize cultivated areas are around 3 
million hectares worldwide. The great number of farmers, the climate and land differences, as well as the germplasm 
sources from Turkey and Italy, in the   XVIIth and XVIIIth centuries, as well as those which came directly from America 
in the early XXth century, caused the differentiation of a great number of local populations, with a vegetation period from 
FAO 180 to FAO 700, from indurata to dentiformis convariety. In our maize breeding programs the local maize landraces 
shows a particular interest, especially as useful sources for adapting capacities, physiological (cold resistance, precocity), 
agronomic and valuable quality traits. The aim of this investigation consisted in detecting the presence of dominant alleles 
of Rf (fertility restauration) genes in more than 50 local landraces provided from the germplasm collection of the Maize 
Breeding Laboratory, at the Agricultural Research and Development Station, Turda. They were crossed with different 
types of cytoplasmic male sterility: cms-C, cms-ES, cms-M and cms-T and the observations of pollen restoration reactions 
were scored, in 2015.The fertility restoration data clearly showed the relationship between the two representative “C” and 
“ES” of the group-C. 20.8% of the landraces maintained the male sterility induced by cms-C and 13.2% to cms-ES. Many 
genotypes were imperfectly sterile or fertile, respectively proved to be different type of restorers: 79.2% to cms-C, 73.6% 
to cms-ES, 66.0% to cms-T and 58.5% cms-M. A special remark should be made concerning Zagra local population, 
which maintains all three types of cytoplasmic male sterility and Răzoare population that maintains almost entirely the 
pollen male sterility for the three types of cytoplasm. Câmpeni population fully maintains male sterility for cms-C and 
cms-M and fully restores cms-T. Generally, the pollen fertility restoration reaction of the local landraces was in connection 
with cms-source, cms-versions, of several landrace backgrounds, nuclear x cytoplasmic interaction and environmental 
conditions.  
 





Male sterility is a phenomenon with complex 
heredity 
 






One of the most studied features of extra 
chromosomal heredity in maize is cytoplasmic male 
sterility [3] Cytoplasmic male sterility (CMS) is a 
maternally inherited phenomenon while restorer 
genes are dominant nuclear genes. Maize hybrid seed 
production based on male sterility is a reduction in 
costs due to the elimination of castration [13] and 
improve the genetic purity of the seed, and a great 
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saving of manpower, but also allow the concentration 
of larger areas of plots of hybridization for one seed 
producer. 
Several sources of cytoplasmic male sterility 
were discovered in different areas around the globe 
in open pollinated local populations, which in 
relation to the behavior regarding the nuclear "Rf" 
genes were classified into four distinct genetic groups 
[ 1, 7, 12]. The four groups involved in cytoplasmic 
male sterility and the pollen fertility restoration are: 
type "T" (cytoplasm Texas), type "C" (cytoplasm 
Columbia, Charrna and Cuarantonos), type "S" 
(cytoplasm USDA, Moldavian) and type "Ep" 
(cytoplasm Euchlena perennis) [3]. 
"T" male sterile cytoplasm group comprises H, 
P, Q, RS and SC cytoplasm; these cytoplasm have 
high stability and the restoration of pollen fertility is 
manifested as a result of the complementary action 
the Rf1 and Rf2 major genes, located on 
chromosomes 3 and 9 [4, 5,8, 15 ] In specific cases 
there was observed delayed appearance of partly 
fertile anthers, probably under the influence of minor 
genes and specific climatic conditions [9]; the partial 
restoration was also seen on our observations on local 
populations testing. In 1970 this type of male sterility 
has been very popular due to the stability of 
restoration, but was severely limited after the massive 
attack of Helminthosporium maydis (race T) from the 
US and Canada [10, 14, 16] .  
"C" male sterile cytoplasm group includes the 
following cytoplasm: I, C, RB, ES, PR sourced from 
Central America and South America and the Italian 
Cuarantenos type IB, IR-1, IR-3 and [3]. Cytoplasmic 
male sterility of this type of pollen may experience 
delayed appearance anthers partially restored in 7-14 
days after the appearance of stigmata although all 
these backgrounds are stable. Restoration of pollen 
fertility is achieved by the action of major genes 
(nuclear genes) Rf4, Rf5, Rf6 [11]. In this type of 
male sterility is frequent the occurrence of partial 
restoration in connection with the genetic structure of 
both parents and the incidence of particular 
environmental conditions (high relative humidity and 
temperatures above 30° C).  "C" male sterility is most 
often encountered in breeding programs and the 
creation of hybrid seed. 
"S" or "M" male  sterile group is the most 
diverse, has several similar genotypes with different 
local origins from South America and Europe (B, C, 
CA, D, F, G, H, I, IA, J, K, L, M, ME, ML, MY, P, 
R, RK, S, SD, TA, TC, VG, W) [6]. Restoration of 
pollen fertility gene for this male sterility is Rf3, 
localized by Buchert (1961) [2] on chromosome 3. 
The major involvement of a single gene, should cause 
a simple heredity but it seems that complementary 
and other major and minor genes are involved in 
pollen restoration, which makes the restoration to be 
more dependent on the environmental conditions 
than other types of cytoplasm. 
 
2. Material and Method 
 
Experimental work was carried out between 
2014-2015 at Agricultural Research and 
Development Station Turda, in the experimental field 
of maize breeding laboratory. In this study were 
included a total of 52 local populations (of which 
seven collected in the last period). Crosses between 
four sources of cytoplasmic male sterility and the 
local populations were conducted to test the presence 
of restorer genes in these populations. We noted the 
number of plants which have wholly or partly 
restored pollen fertility. 
The study was performed on 52 local 
populations from the plains, hilly areas and mountain 
valleys, with a dual purpose: to identify the local 
populations which maintain / restore pollen fertility 
and to see the degree of biological purity / impurity 
of the local populations. 
Wishing to find out whether in the populations 
collected recently has been done introgression of 
genes from commercial hybrids cultivated in the 
areas where the populations were collected it was 
conducted this evaluation of maintaining/ restoring 
pollen fertility. We can therefore note the degree of 
biological purity/impurity of the local populations. 
From climate perspective the experimental 
years can be characterized as follows: 
 2014 was for maize, normal in terms of 
temperatures and in regarding the rainfall, except 
June (very dry), the other months during the growing 
season were normal or excessive rainy compared to 
55 years average; 
  2015, in the first part of the maize growing 
season allowed the normal development of plants. 
The biological material was represented by: 
 four sources of male sterility: the type "T", 
"ES", "C" and "M"; 
 52 local populations. 
Working method: 
 2014 - making crosses between the 4 types of 
male sterility and the local populations; 
 2015 - note the pollen restoration reaction 
(by counting the number of plants maintaining the 
sterility or restore the fertility totally or partially). 
 
3. Results and Discussions 
 
The observation regarding the reaction to male 
sterility and pollen fertility restoration of the studied 
populations lead us to note several different 
situations:  
1) all plants maintain the male sterility;  
2) all plants restore the fertility;  
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3) some plants maintain and some partially 
restore the fertility;  
4) there were three types of plants: some 
maintain, some partially restore the fertility and some 
totally restore it; 
 5) some plants maintain the sterility and some 
totally restore the fertility;  
6) there were plants that totally or partially 
restore the fertility and 7) all plants partially restore 
the pollen fertility. 
"T" cytoplasmic male sterility entirely 
maintained the sterility (local population genetic 
structure rf1rf1, rf2rf2) a total of 16 population local 
representing 25.8% (Tab. 1) out of a total of crosses 
made. In most populations, the proportion of plants 
capable of restoring pollen fertility was very 
different: Biertan (38%), Bucerdea (19%), Cerchizel 
(40%), Cisteiul de Mureș (28%), Cuzăplac (78%), 
Cârțișoara (35%), Cerbăl Arieș (44%), Ciugudu de 
Jos (78%), Dobric (41%), Dumbrava (29%), Firtănuș 
(34%), Galda (52%), Galații Bistriței  (17%), Gălbeni 
Iași (12%), Gilău (34%), Ighiu (75%), Lancrăm 
(69%), Miercurea Sibiu (25%), Mărtinești (29%), 
Mihai Viteazu (27%), Morău (18%), Orheiul Bistriței 




Table 1. Response to total sterility maintain and restoration of pollen fertility (100%) in populations for the 




Population name (♂) 
Total number of 
plants (%) 
♀ cms source T 




restorer) (100 %) 
Rf (restorer) (100 
%) 
1.  Cenaşul de Câmpie 46 - 46 - 
2.  Câmpeni 23 - - 23 
3.  Geaca 2* 46 46 - - 
4.  Găbud -AB 17 17 - - 
5.  Isla 29 29 - - 
6.  Sighişoara 31 31 - - 
7.  Susenii Bârgăului 36 36 - - 
8.  Sângeorgiu de Mureş 44 44 - - 
9.  Şona 47 47 - - 
10.  Satu are B 163-84 51 51 - - 
11.  Şăulia de Câmpie 46 46 - - 
12.  Şoarş –BV 41 41 - - 
13.  Ungheni * 35 35 - - 
14.  Valea Largă 44 44 - - 
15.  Vinerea- AB* 52 52 - - 
16.  Zau de Câmpie 51 51 - - 
17.  Zagra 43 43 - - 
18.  Zetea B 147-84 40 40 - - 
*Local populations collected recently (2010-2013) 
    
 
Population reaction to crosses with a source of 
"cms T" is shown in Tab. 2: of the total of 52 tested 
population 16 (30.8%) maintained 100% the male 
sterility. Total restoration of pollen fertility was 
recorded only in the case of a single population 
(Câmpeni); Câmpeni population also entirely 
maintain the male sterility of "cms ES " "cms C" and 
"cms M". Local populations that have been identified 
for possessing the recessive gene for maintaining "T" 
sterility but also for the total restoration were in a 
proportion of 50% (26 population). For 13.5% of the 
tested populations (7 population) were recorded 
existence of maintaining partial genes. It can be 
concluded that the local populations tested can be 
sources of germplasm for maintaining male sterility 
"T", but in most of them there are also found total 
restoration genes Rf1Rf1, Rf2Rf2. 
For the male sterility type ES, the sterility was 
totally maintained (all plants possess rf4rf4, rf5rf5 
and rf6rf6 genes) by seven populations (13.5%) 
(Table 3): Cisteiul de Mures, Câmpeni, Galaţii 
Bistriţei, Răzoare, Şoarş-BV, Zau de Câmpie and 
Zagra. Among the populations tested a total of two 
(3.8%) had partially and totallly restore the fertility: 
Buces Tarniţa and Cisteiul de Baltă. 
A total of two (3.8%) populations were 
recorded for sterility maintenance, partial and total 
restoration: Bretea Strei, Brătei. 
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Table 2. Summary of results on the behavior of local populations to male sterility "T" type (cmsT) (Turda, 
2015) 
 
Specification Genetic constitution of the population 
Population number / 
percentage of total  
(52population) 
Maintaining male sterility cms T 100% rf1 rf1, rf2 rf2 16 / 30.8 % 
Restoration male sterility cms T 100% Rf1 Rf1, Rf2 Rf2 1 / 1.9 % 
 Maintaining + partial restoration rf1rf1, rf2rf2 + Rf1Rf1, rf2rf2(rf1rf1, Rf2Rf2) 1 / 1.9 % 
Maintaining + partial restoration + total 
restoration 
rf1rf1, rf2rf2 + Rf1Rf1, rf2rf2 
(rf1rf1, Rf2Rf2) + Rf1Rf1, Rf2Rf2 
7 / 13.5 % 
Maintaining + total restoration rf1rf1, rf2rf2 + Rf1Rf1, Rf2Rf2 26 / 50 % 
Total restoration + partial restoration Rf1Rf1, Rf2Rf2 + rf1rf1 Rf2Rf2(Rf1Rf1, 
rf2rf2) 
- 
Partial restoration Rf1Rf1, rf2rf2 or  
 rf1rf1, Rf2Rf2 
1 / 1.9 % 
 
Maintaining and partial restoring of male 
sterility type ES was recorded for a number of six 
(11.6%) local populations: Berghin, Bucerdea, Șona, 
Satu Mare B 164-84, Ungheni, Vinerea – Alba. 
Only for Firtănuş population all plants were 
fully restored; the major gene componence is Rf4Rf4, 
Rf5Rf5, Rf6Rf6. In addition it seems that this 
population also possesses minor genes for fertility 
restoration type ES, whereas the same population 
restores cms "C" fertility only 52%. 
Most local populations had a reaction of 
maintaining and total restore the fertility of "ES" 
male sterility, the ratios between these genes being 





Table 3. Response to total sterility maintain and restoration of pollen fertility (100%) in populations for the 




Population name (♂) Total number 
of plants (%) 
♀ cms source T 
Type reaction Rf ♂ 
Nrf (100 %) pRf (100 %) Rf (100 %) 
1.  Cisteiul de Mureș 45 45 - - 
2.  Câmpeni -AB 26 - 6 - 
3.  Firtănuş  43 - - 43 
4.  Galații Bistriței 47 47 - - 
5.  Răzoare 40 40 - - 
6.  Șoarș-BV 39 39 - - 
7.  Zau de Câmpie 39 39 - - 
8.  Zagra 38 38 - - 
 
The summary of results for the behavior of the 
52 local populations tested on "ES "male sterility 
sources is presented in Table 4. A total of seven 
populations had completely recessive genes rf4rf4, 
rf5rf5, rf6rf6 maintaining "ES" male sterility type 
entirely. Only at one population there was found the 
gene to totally restore "cms ES" sterility (Firtănuş 
population). Most cases (34 populations- 65.4%) 
were recorded for local populations in which genes 
for maintenance and restoration were found 
simultaneously; in most cases mostly maintaining 
male sterility genes were present. There have been 
situations (2 populations- 3.8%) in which were 
present only the genes for total and partial 
restoration.  
Cytoplasmic male sterility "C" has been 
entirely maintained by a number of 11 (21.2%) 
(Table 5) local populations: Cisteiul de Mureș, 
Cerbăl Arieș, Câmpeni, Dobric, Galații Bistriței, 
Găbud-AB, Răzoare, Susenii Bârgăului, Satu Mare, 
Ungheni, Zagra.  
At five of these populations the presence of rf4 
rf4, rf5rf5, rf6rf6 genes, was confirmed for both 
sources of the type "C" (cms "C" and cms "ES"): 
Cisteiul de Mureș, Câmpeni, Galații Bistriței, 
Răzoare, Zagra. Among the populations tested a 
number 2 (3.8%) had partially and totally restore cms 
"C" fertility: Buceș Tarnița și Cetatea de Baltă, 
populations that have the same behavior in the case  
of crossing with the male-sterile source of "ES".  
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Table 4. Summary of results on the behavior of local populations at ES male sterility (cms ES) (Turda, 2015) 
 
Specification Genetic constitution of the population Population number/ percentage 
of total  (52 population) 
Maintaining male sterility  
cms ES 100% 
rf4rf4, rf5rf5, rf6rf6 7 / 13.5 % 
Restoration male sterility cms ES 100% Rf4Rf4, Rf5Rf5, Rf6Rf6 1 / 1.9 % 
Maintaining + partial restoration rf4rf4, rf5rf5, rf6Rf6 + Rf4Rf4, Rf5Rf5, 
rf6rf6 
6 / 11.6 % 
Maintaining + partial restoration +total 
restoration 
rf4rf4, rf5rf5, rf6rf6 + Rf4Rf4, Rf5Rf5, 
rf6rf6*  + Rf4Rf4,Rf5Rf5, Rf6Rf6 
2 / 3.8 % 
Maintaining + total restoration rf4rf4, rf5rf5, rf6rf6 + Rf4Rf4, 
Rf5Rf5 Rf6Rf6 
34 / 65.4 % 
Total restoration + partial restoration Rf4Rf4, Rf5Rf5, Rf6Rf6 + Rf4Rf4, Rf5Rf5, 
rf6rf6* 
2 / 3.8 % 
* the recessive homozygous gene can be from any of the fertility restoration genes. 
 
For two populations there were determined 
simultaneously the maintaining of sterility, partial 
and total restoration. These populations were from 
localities Berghin și Cârțișoara.  
There was not registered any case of total 
restoration for cms "ES". 
As in the case of crossing with ES sources, for  
the crossings with the source of "C", most cases were 
recorded for maintaining and restore the male-sterile 
for 37 population (71.2%); where for male sterility 
"C" same situation was registered in 34 cases.  
In both sources for type "C" male sterility, in 
most cases the male-fertile plants proportion is higher 
compared to the total restored genotypes. 
 
Table 5. Response to total sterility maintain and restoration of pollen fertility (100%) in populations for the 




Name population (♂) Total number of 
plants (%) 
♀ cms source T 
Type reaction Rf ♂ 
Nrf (100 %) pRf (100 %) Rf (100 %) 
1.  Cisteiul de Mureș 40 40 - - 
2.  Cerbăl Arieș 39 39 - - 
3.  Câmpeni  42 42 - - 
4.  Dobric  35 35   
5.  Galații Bistriței 40 40 - - 
6.  Găbud-AB 43 43 - - 
7.  Răzoare 47 47 - - 
8.  Susenii Bârgăului 48 48 - - 
9.  Satu Mare 32 32 - - 
10.  Ungheni* 40 40 - - 
11.  Zagra  42 42 - - 
 
 
For the crosses between "C" cytoplasmic male 
sterility sources and the local populations the results 
are shown in Tab. 6. Maintaining the sterility 100% 
was observed in a number of 11 population (21.2%). 
None of the population totally restored the 
pollen fertility, instead a number of 37 local 
populations (71.2%) had both genes for maintaining 
and restoring fertility, in two populations the fertility 
was totally or partially restored and in two 
populations there were genes for maintaining, total 
and partial restoration of pollen fertility. 
It can be concluded that local populations in 
crosses with sources of cytoplasm from "C" group 
("cms ES" and "cms C"), react almost the same (not 
identical), most of the population are classified in 
groups: maintaining+ total fertility restoration and 
maintain the pollen sterility. 
In the tested population there can be identified 
sources of germplasm to maintain the sterility, but 
also sources for a total restoration of pollen fertility 
of male sterility "C" group represented by "cms C" 
and "cms ES". 
"M" (S) cytoplasmic male sterility was 
maintained completely at a number of 18 local 
populations (34.6%) (Table 7) Ceuașul de Câmpie, 
Cârțișoara, Ighiu, Lancrăm, Susenii Bârgăului, 
Sângiorgiul de Mureș, Șona, Satu Mare, Șăulia de 
Câmpie, Zagra, Zetea. 
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Table 6. Summary of results on the behavior of local populations at C sterility (cms C) 
  
Specification Genetic constitution of the population Population number/ percentage 
of total  (52 population) 
Maintaining male sterility  
cms C 100% 
rf4rf4, rf5rf5, rf6rf6 11 / 21.2 % 
Restoration male sterility 
 cms C 100% 
Rf4Rf4, Rf5Rf5, Rf6Rf6 - 
Maintaining + partial restoration rf4rf4, rf5rf5, rf6Rf6 + Rf4Rf4, Rf5Rf5, rf6rf6 - 
Maintaining + partial restoration 
+total restoration 
rf4rf4, rf5rf5, rf6rf6 + Rf4Rf4, Rf5Rf5, rf6rf6*  
+ Rf4Rf4,Rf5Rf5, Rf6Rf6 
2 /3.8 % 
Maintaining + total restoration rf4rf4, rf5rf5, rf6rf6 + Rf4Rf4, 
Rf5Rf5 Rf6Rf6 
37 / 71.2 % 
Total restoration + partial restoation Rf4Rf4, Rf5Rf5, Rf6Rf6 + Rf4Rf4, Rf5Rf5, 
rf6rf6* 
2 / 3.8% 
 
 
There have been identified a number of 5 
(9.6%) local populations which restores the fertility 
100%: Dobric, Firtănuși, Isla, Sântana de Mureş. At 
3 populations (5.8%) we noted the existence of both 
genes for maintaining the male sterility and partially 
restore fertility: Bretea, Strei, Gălbeni Iași, Stupini.  
At 8 local populations (15.4%) both sterility 
maintaining genes and partially and totally restoring 
genes were present: Biertan, Bratei, Cisteiul de 
Mureș, Cuzăplac, Ciugudu de Jos, Dragalina, Galații 
Bistriței. 
On the last category, in the local populations 
the sterility maintaining genes (rf3rf3) and the of 
pollen fertility restoration genes (Rf3Rf3) are present 
in different proportions in 18 local populations 
(34.6%): Berghin, Geaca 2, Găbud, Gilău, Miercurea 
Sibiu, Mărtinești, Mihai Viteazu, Morău, Orheiu 
Bistriței, Prejmer, Seini, Sighișoara. 
 
 
Table 7. Response to total sterility maintain and restoration of pollen fertility (100%) in populations for the 




Name population (♂) Total number of 
plants (%) 
♀ cms source T 
Type reaction Rf ♂ 
Nrf (100 %) pRf (100 %) Rf (100 %) 
1.  Ceuașul de Câmpie 43 43 - - 
2.  Cârțișoara, 33 33 - - 
3.  Câmpeni  37 37 - - 
4.  Dobric  39 - - 39 
5.  Firtănuş  46 - - 46 
6.  Isla  40 - - 40 
7.  Ighiu 46 46 - - 
8.  Lancrăm 50 50 - - 
9.  Răzoare  50 50 - - 
10.  Sânmiclauş  45 - - 45 
11.  Sântana de Mureş 49 - - 49 
12.  Susenii Bârgăului 44 44 - - 
13.  Sângeorgiul de Mureș 43 43 - - 
14.  Șona 48 48 - - 
15.  Satu Mare 47 47 - - 
16.  Șăulia de Câmpie 46 46 - - 
17.  Şoarş  BV 48 48 - - 
18.  Unhgeni * 43 43 - - 
19.  Valea Larga 48 48 - - 
20.  Vinerea Alba* 49 49 - - 
21.  Zau de Câmpie 41 41 - - 
22.  Zagra  39 39 - - 
23.  Zetea  41 41 - - 
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Summary of results for the reaction of the local 
population in crosses with "M" male sterility source 
is shown in Table 8. 
In this type of cytoplasmic male sterility was 
determined the highest number of local populations 
that maintain male sterility - 18 (34.6%) and the 
highest number of local populations that totally 
restored the fertility - five local populations (9.6 %). 
For this male sterility we noted a high number of 
populations (17 populations- 32.7%) that have both 
genes for maintenance and total restoration of "M" 
sterility. 
A total of eight local populations (15.4 %) 
have simultaneously genes for maintaining the 
sterility, totally and partially restore of "M" male 
sterility. It can be concluded that within local 
populations tested there are germplasm sources for 
maintaining the sterility or restore the fertility for cms 
"M". due to the fact that fertility restoration of "M" is 
conditioned by a pair of major gene (Rf3Rf3) and 
minor genes, the reaction of the local population has 
been tested on a certain different way compared other 
types of cytoplasm tested. 
A special remark should be made on the local 
population Zagra, which hold all three types of 
cytoplasmic male sterility and population Răzoare 
that maintains almost entirely the male sterility for 
three types of cytoplasmic sterility, except "cms T" 
where there was a 11% of total restoration; we can 
say that genetic formula for fertility restoration genes 
in these populations would be: rf1rf1, rf2rf2, rf3rf3, 
rf4rf4, rf5rf5, rf6rf6. 
Câmpeni population fully maintain male 
sterility "ES", "C" and "M" and fully restores type 
"T", having the genetic restoration constitution 
Rf1Rf1, Rf2Rf2, rf3rf3, rf4rf4, rf5rf5, rf6rf6. 
 
Table 8. Summary of results on the behavior of local populations at M (S) sterility (cms M) (Turda, 2015) 
 
Specification Genetic constitution of the population Population number/ percentage 
of total  (population 52) 
Maintaining male sterility  
cms M 100% 
rf3rf3 18 / 34.6 % 
Restoration male sterility 
 cms M 100% 
Rf3Rf3 5 / 9.6 % 
Maintaining + partial restoration rf3rf3 + Rf3Rf3 + minor gens rf 3 / 5.8 % 
Maintaining + partial restoration 
+total restoration 
rf3rf3 + Rf3Rf3 + minor gens rf + Rf3Rf3 8 / 15.4 % 
Maintaining + total restoration rf3rf3 + Rf3Rf3 17 / 32.7 % 





1. The behavior of local population crosses with 
four sources of cytoplasmic male sterility is very 
diverse, from the total sterility maintaining to total 
restoration of fertility, with many intermediate forms. 
2. A local population - Zagra - maintain the 
male sterility for all studied sources. 
3. A special behavior was registered for 
Câmpeni population which totally maintained "C" 
and "M" male sterility groups, but fully restored type 
"T". 
4. Sânmiclăuş populations, Santana de Mures 
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